In 2012 approximately 410,000 patients were diagnosed with lung cancer and about 353,000 lung cancer deaths were registered in the European Union. Although lung cancer is still the leading cause of cancer-related death worldwide, advances in detection and treatment have increased the likelihood of long-term survival. In patients receiving definitive curative treatment for lung cancer guidelines suggest follow-up of patients using clinical and radiological examinations over a certain period of time. However, standards differ and there are no generally accepted follow-up recommendations. Aim of this short review is to summarize the currently available knowledge and guidelines regarding surveillance of patients receiving definitive lung cancer treatment.
and radiological examinations. However, no generally accepted follow-up regimens exist. There is an ongoing debate whether chest X-rays or CT scans should be used. Moreover, standards differ with respect to the timing of these examinations.
Lung cancer screening programs recently showed improved mortality rates for lung cancer patients [2] . The main effect of these programs was a considerable stage shift from UICC stage IV tumours towards UICC stage I tumours [3] . Therefore, lung cancer screening programs are expected to evolve within the next few years [4] . This will not only increase the number of potentially curable patients, but also the number of patients needing reasonable and effective follow-up strategies.
Early postoperative follow-up
After radical surgery, early postoperative complications are an important cause of early hospital readmission in lung cancer patients. According to a large Surveillance, Epidemiology, and End Results (SEER) program analysis, 12.8% of lung cancer patients receiving definitive surgery were readmitted to hospital within 30 days after discharge due to complications. Readmission was more likely in patients at higher age, after induction therapy, and in patients with preoperative comorbidities including congestive heart failure and chronic obstructive pulmonary disease. Moreover, patients with early readmission after pulmonary resection were at six-fold increased risk for death within 90 days [5] . In contrast to the study of Hu et al., Medberry et al. reported a readmission rate of only 4.3% in early stage lung cancer and primary surgical treatment [6] . Moreover, due to recent improvement of operative strategies, including minimally invasive approaches and limited anatomic re-sections, readmission rates decrease, as reported by Farjah et al. [7] .
However, the poor outcome after readmission indicates that especially those patients at risk require intensified observation and early admission to intensive care units. Up to now, no recommendations for early follow-up after surgery exist. Especially in patients after induction treatment or with a high burden of comorbidity, including congestive heart failure and chronic obstructive pulmonary disease, a prolonged inpatient treatment and close outpatient observation might be beneficial to decrease early postoperative mortality.
General surveillance remarks and prognosis after lung cancer recurrence
Oncologic surveillance after initial definitive surgical treatment for lung cancer is only useful if the detection of disease recurrence leads to potentially life-prolonging interventions or curative therapy. Therefore, cancer follow-up only seems to be appropriate in patients who are deemed to tolerate further treatment interventions.
Lung cancer patients undergoing definitive surgical resection are characterized by a high rate of disease recurrence. It is estimated that only one third of patients have an isolated recurrence in the ipsilateral thorax and therefore might qualify for further definitive therapy [8] . According to another study, lung cancer recurrence with distant spread was observed in 29% of patients undergoing definitive surgery for non-small cell lung cancer (NSCLC) [9] . As a consequence, survival in operated patients with recurrence remains poor with a 5-year post-recurrence survival of approximately 15% [10, 11] .
With regard to second primary lung cancer, survival seems to be more favourable compared to recurrent disease. According to a study evaluating survival in patients undergoing surgical resection of metachronous secondary primary lung cancer, a 5year survival rate of 60% was reported. This result at least suggests that the detection of local recurrence or a metachronous primary lung cancer can lead to therapeutic interventions which might allow longterm disease-free survival [12] .
Even though evidence on curative salvage options in recurrent disease is mainly based on retrospective studies, stage-adapted treatment algorithms comparable to primary lung cancer therapy are suggested. Therefore, in patients with isolated thoracic recurrence, comparable to a stage I or II pattern, further resection should be considered [13] .
In patients who qualify for local curative salvage treatment, but surgical management is contraindicated, stereotactic radiotherapy represents a valid treatment option [14] . In recurrence similar to locally advanced disease (i.e. stage III) definitive multimodal therapy including radiotherapy and systemic ther-apy (chemotherapy and immunotherapy) should be performed [15, 16] .
Current guidelines
Keeping in mind that the early detection of recurrence might lead to further potential curative treatment options constant surveillance is recommended by guidelines. According to the guidelines of the European Society of Medical Oncology [17] . Follow-up visits should be performed every 6 months for the first 2 years after curative treatment and should include history, physical examination, and chest CT scan at least at 12 and 24 months (level of evidence and grade of recommendation: IIII, A). Thereafter, further follow-up visits are recommended every 12 months in order to detect secondary primary tumors (III, B). In patients, suitable for salvage treatment options closer follow-up intervals with 6-monthly CT scans over 3 years might be suggested (III, B). In patients who do not qualify for definitive therapy in case of recurrence, follow-up visits might be tailored on an individual base (V, B). An important issue is also that all smokers should be offered smoking cessation programs. There are no recommendations for PET-CT in follow-up.
The National Comprehensive Cancer Network guidelines [13] suggest visits including history, physical examination and chest CT (optional contrast enhanced) every 6 months for 2-3 years after definitive surgical treatment for stage I-II lung cancer. Afterwards annual low-dose chest CT scans are recommended. In patients treated with radiotherapy for primary treatment of stage I-II lung cancer or in patients with stage III or oligometastatic disease undergoing curative treatment, history, physical examination and chest CT scans are recommended every 3-6 months for 3 years. The interval (3 vs. 6 months) of surveillance visits should be based on clinical decision making on an individual basis. Afterwards visits including chest CT scans (±contrast enhancement) should be performed every 6 months for 2 years. After completion of 5 year follow-up, annual visits with surveillance by low-dose chest CT scans are suggested. Table 1 provides an overview of the current ESMO and NCCN guidelines.
Randomized controlled trial evaluating a maximal surveillance algorithm
Even though, surveillance is suggested by guidelines, the evidence to support these recommendations is poor. Only one randomized trial has evaluated different follow-up strategies so far. In the French IFCT-0302 trial, including 1775 patients with completely resected lung cancer (pathological stages I-IIIA and T4 [pulmonary nodules in the same lobe] N0-2), two different follow-up strategies were evaluated [18] . 74 Follow-up in lung cancer K short review In the control arm follow-up consisted of clinical examination and chest x-ray, whereas in the experimental arm patients underwent clinical examination chest x-ray, chest and abdominal CT scan plus bronchoscopy (which was an optional procedure in patients with adenocarcinoma). In both study arms surveillance visits were performed every 6 months after randomization during the first 2 years, and annually thereafter until year five. The primary endpoint was overall survival (OS). After a median follow-up of 8.7 years no significant difference in OS was observed (Hazard ratio 0.92, 95% confidence interval 0.8-1.07, p = 0.27). Disease-free survival rates at 3 years were 63.3 and 60.2% in the experimental arm and the control arm. The 8 year overall survival rates were 55.6 and 51.1%, respectively. The authors concluded that a longer follow-up might be necessary to potentially detect a long-term overall survival benefit in the CT scan cohort. The primary endpoint was negative; nevertheless the study could identify some important aspects that might support intensive surveillance as an earlier diagnosis of recurrences and 2nd primary cancers could be identified. Some potential longterm benefits from CT-scan based surveillance was also that more surgeries were performed in the CTbased arm.
From a personal perspective, it seems that the intensive CT-based screening supports the notion that candidates at high risk for 2nd primary cancers are optimal candidates for CT screening.
Potential harms of lung cancer surveillance
Considering that the only randomized trial comparing a maximal surveillance with a minimal follow-up protocol failed to show a significant survival benefit the question arises whether lung cancer follow-up with frequent CT scans might have a deleterious effect. Indeed, in an observational study of 1294 NSCLC patients undergoing routine surveillance with CT scans, false-positive results led to additional testing in 25% of patients. Nevertheless, the rate of complications was rather low with 0.3% and no diagnostic associated deaths occurred [19] . On the other hand the NELSON lung cancer screening trial reported that a stringent diagnostic algorithm including nodule volume growth and volume doubling time improves the diagnostic accuracy and positive predictive value [20] .
The National Lung Cancer Screening Trial evaluated health-related quality of life (HRQOL) in highrisk individuals undergoing screening for lung cancer either with CT scan or x-ray [21] . At baseline and 6 months of screening no significant differences in HRQOL or anxiety were observed in patients with a negative result compared to patients with a false positive scan. In contrast patients who were diagnosed with lung cancer due to screening reported lower HRQOL and anxiety at follow-up. These findings provide an indirect insight that lung cancer surveillance strategies might not pose significant psychosocial distress in patients after curative treatment for lung cancer.
Since guidelines suggested screening with chest CT, the induction of radiation-induced lung cancer is another potentially harmful aspect of lung can-cer surveillance. According to an estimation of patients who underwent screening for lung cancer over 10 years in the COSMOS study only every 108th lung cancer detected by screening was attributed to radiation exposure [22] . Therefore, it can be assumed that even though the risk of radiation-induced lung cancer is not negligible, it might be of minor relevance.
Discussion
Despite the recommendation of CT scan based surveillance after curative lung cancer treatment by guidelines, evidence for this specific type of follow-up remains poor. The only randomized trial that has evaluated a maximal surveillance strategy including abdominal and chest CT scans with a minimal followup using thoracic X-rays failed to show a significant survival benefit after a median follow-up of 8.7 years [18] . The authors stated that a longer follow-up is necessary not to miss a potential long-term OS benefit of CT-scan-based surveillance. To the best of our knowledge, no further updates of the IFCT-0302 trial have been published since 2017. Indeed Kaplan-Meier curves seem to separate after a follow-up of approximately 7 years. Hence, it might be assumed that results are still immature to draw a final conclusion on the potential long-term effect of lung cancer surveillance.
At least in the setting of lung cancer screening, two sufficiently powered trials have shown that screening by chest CT leads to a reduction in lung cancer mortality in high-risk individuals. After a median followup of 6.5 years a 20% risk reduction of lung-cancerspecific mortality was observed in the CT scan arm compared to the X-ray arm of the NLST [2] .
In the NELSON lung cancer screening study, comparable observations were made after a median follow-up of 10 years [20] . Since, the magnitude of patients undergoing curative treatment for lung cancer possess high-risk features for the development of second primary lung cancer, follow-up using CT scan seems to be reasonable in the light of positive lung cancer screening trials.
Conclusion
Even though, follow-up using CT scans after curative treatment for lung cancer is recommended by guidelines, no randomized trial so far has shown a beneficial effect of lung cancer surveillance using CT scans. Both strategies minimal and maximal follow-up are acceptable. Keeping in mind the low risk of harm of CT-scan based follow-up and potential curative salvage options in a small proportion of patients one might favour performing an intensified follow-up strategy. This strategy seems even more reasonable in the light of recently published results of lung cancer screening trials.
Moreover, comprehensive surveillance strategies including smoking cessation and evaluation of comorbidities to guarantee optimal follow-up of NSCLC patients is suggested.
Take home message
Even though, follow-up using CT scans after curative treatment for lung cancer is recommended by guidelines, no randomized trial so far has shown a beneficial effect of lung cancer surveillance using CT scans.
Keeping in mind the low risk of harm of CT-scan based follow-up and potential curative salvage options in a small proportion of patients one might favour performing an intensified follow-up strategy.
This strategy seems even more reasonable in the light of recently published results of lung cancer screening trials.
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